Reared in cylindrical aquaria containing different depths of water (2 .5 to 70 cm) the obligatory air-breathing fish Ophiocephalus striatus, belonging to different weight classes (o . 1, 0 .75, 10, 2o and 41 g), was forced to swim vertically a longer or shorter distance per surfacing . Surfacing frequency was a depth-dependent,activity in individuals weighing less than 20 g in all weight classes, the frequency was nearly 2 times more in the series fed ad libitum on fish muscle, than in the one where the fish were starved . Owing to the sustained surfacing activity and the consequent fatigue, the test individuals `hung' to the surface for a definite period . Neither frequency nor duration of hanging was depth-dependent . Mean hanging durations for the feeding series were I .1, 3 .8, 5 .9, 7.9 and 8 .8 hr/day in the 0 . 1, 0.75, 10, 2o and 41 g weight classes, respectively ; the corresponding values for the starving series were 1 .3, 15 .0, 13 .0, 12 .7 and 12 .8 hr/ day . The distance swum by the feeding fish increased from 57 to 681 m/day and from 61 to 507 m/day in the o .1 and 41 g individuals exposed to the minimum and maximum aquarium depths . Feeding rate, which was a depthdependent activity, decreased from 280 to 113 g cal/g live fish/ day with increasing weight . Rate and efficiency of conversion also decreased with increasing body weight ; in larger fish conversion was dependent on volume rather than on depth of the aquarium . 02 uptake of feeding fish was about 6 times higher than the starving ones of the tested weight classes at different aquarium depths .
Introduction
There are many publications on the effects of environmental factors like temperature (e .g . Vivekanandan & Pandian, 1977) and light (e .g . De Roth, 1973) on surfacing activity of air-breathing fishes ; but these papers do not consider the possible effect of the endogenous factors such as body weight of the fish on surfacing. Of the hundreds of publications available on food utilisation (e .g . Ricker, 1946 ; Brown, 1957 ; Paloheimo & Dickie, 1966a, b ; Warren & Davis, 1967 ; Weatherley, 1972) , none discusses the combined effects of surfacing and body weight on food utilisation . The present paper deals with the effects of body weight on the surfacing activity and food utilisation in the obligatory air-breathing tropical fish Ophiocepha- lus striatus .
Material and methods
By rearing Ophiocephalus striatus in cylindrical aquaria containing different depths of water, it is possible to force the fish to swim vertically a longer or shorter distance per surfacing to exchange atmospheric air. To study the interaction of body weight and aquarium depth on the surfacing activity and food utilisation, O. striatus belonging to different weight classes (0 .1, 0 .75, 10, 2o and 41 g) were exposed to 4 or 5 different aquarium (cylindrical) depths, so chosen that the test fish swam a minimum of 9 times Hydrobiologia vol . 55, 2, pag . 99-112, 1977 its body length (15 cm L (= body length), 41 g) and a maximum of 31 times (2 .1 cm L, oii g) in the aquaria containing maximum depths of water (Table I) . The cylindrical aquaria effectively minimised the horizontal swimming activity of the fish . All experiments were conducted for periods lasting from 7 to 35 days at a water temperature of 27 ± 1°C.
One group in each weight class was starved ; the other was offered excess food twice a day, for a period of i hr each . Small muscle pieces of the fish Tilapia mossambica were offered as food . Care was taken to collect unfed food remains with a pipette causing least disturbance to the fish and suitable corrections were made for body fluids lost by the muscle pieces during a i hr feeding period . Faeces were collected by filtering the entire aquaria once in 5 days . The p02 (partial pressure of oxygen) of water ranged from 130 to 148 mm Hg on the o day of aquarium water change . On the 4th day after aquarium water change, depending on volume of aquaria, the p02 ranged from 70 to 9o mm Hg in those aquaria accommodating the feeding individuals, and from 110 to 130 mm Hg in those aquaria, in which starving individuals were kept (see also Vivekanandan, 1977a) .
The `Sacrifice method' (Maynard & Loosli, 1962) was used for determining the water content of the test individuals of each experimental series before commencement of the experiments . Caloric contents were determined using a Parr 1412 Semi-micro bomb calorimeter, following the standard procedure described in the Instruction Manual for Parr bomb calorimetry Nos . 128 and 130.
The scheme of energy balance followed in the present work is that of the,IBP formula (Petrusewicz & MacFadyen, 1970) usually represented as C = P + R + F + U, where C is the energy consumed, P the growth, R the energy lost as heat due to metabolism, F the faeces and U the nitrogenous excretory products . As the U was not estimated in the present study, the value for the perch Perca fluviatilis (Solomon & Brafield, 1972) was used for T1ble i . Depth a volume (1) 1 of water m which Oph(0cephabs «-egos of different weight oWte1 were muvbined indicates volume of the querium ( .iron in bnadtet), to which experiments were conducted . -indlates the posdble e0mbwtion of body weight end aquarium depth, in which no experiment 11, conducted . all experiments ; the mean excretory energy lost per unit weight of consumed food was recalculated to amount 9 .85% . As the C, P, F and U are known, metabolism (= R = respiration) can be calculated . To express metabolism as ml 02 uptake, 4.8 g cal energy was considered as equivalent to i ml of 02 uptake (Engelmann, 1966) .
All experiments were conducted in a laboratory, where-except for feeding and observation-there was no disturbance . At any one time, 6 individuals were observed using a separate stop watch and digital counter for each test fish . Observations on the number of surfacing by each test individual were carried out every day for a known period of usually 15 min (or for a longer period, during which a minimum of 5 surfacings were observed), 4 times a day at 7 am, I pm, 7 per and i i pm . These values were added, and the number of surfacing/ day was calculated . 0. striatus is also known to `hang' to the surface for a definite period before returning to the bottom . In addition to the branchial respiration, `hanging' to the surface permits this obligatory air-breathing fish to exchange gas without vertical movement (Pandian & Vivekanandan, 1976) . Observations on the hanging frequency and hanging duration were made for 15 min (or for a minimum of 3 hanging frequencies) subsequent to observation on surfacing, and these values were multiplied for a unit time (day) .
The distance travelled (m /day) per individual per day was estimated by multiplying the mean number of surfacing/day with twice the depth of water . Further it was corrected by deducting the hanging duration (hr/ day) .
Results

Surfacing
In the feeding 0. striatus of the 0.75 g weight class, surfacing frequency increased steeply from 1,294 times/ day in the 2 .5 cm depth group to 1,879 times/day in the 40 cm depth group (Table II) . Clearly, the surfacing frequency was a depth-dependent behaviour (2 .5 vs 40 cm depth, t = 6 .270, P < 0.002) . The depth-dependent surfacing frequency, which was highly significant in the 0 .75 and 1o g weight classes, became statistically not significant in the 2o and 41 g individuals (e .g . 20 g, 5 vs 70 cm depth, t = 1 .517, P > o .io) (Fig . i ; upper left panel) . Presumably, surfacing is a depth-dependent activity in the weight classes between 0 .75 and 20 g .
However, one may argue that the aquarium depths offered to the individuals weighing more than 1o g were too low to elicit significant difference in the surfacing frequency, i .e . whereas the 0 .75 g individual swam nearly 18 times its body length/surfacing, the larger fishes could swim only 9 or 12 times their body lengths/surfacing in the deepest aquarium (70 cm ; see Table I ) . To test whether this argument is correct, the data obtained on the surfacing frequency were plotted in the lower left panel of Figure i as a function of the number of its body length (L) each weight class swam per surfacing . The trends obtained for the surfacing frequency of the 0 .75 and io g weight classes increased as a function of body lengths (L) travelled (expressed in respective body length of the test individual/surfacing), but those obtained for the 20 and 41 g were almost horizontal, indicating that the surfacing frequency in these larger weight classes would not increase, if they are given opportunity to travel more body lengths (L)/surfacing in aquaria deeper than 70 cm . Incidentally, the flat trends obtained for the fry (o . i g) reveals that the surfacing is not depth-dependent in this weight class ( Fig . i ; left panel) (see also Vivekanandan, 1977b) .
However, the level of surfacing frequency is dependent on the body weight of the test individuals . The frequency decreased from the highest value of 1,879 times/day (Table II) for the 0.75 g individual exposed to the 40 cm aquarium depth to 576 times/day in the fish weighing 4 1 g reared at a depth of 70 cm (Table VI) .
The trends obtained for the surfacing frequency in the starving series either as a function of aquarium depth or body length (the distance swum/surfacing = L) for the different weight classes are also shown in Figure i (right panels) . All the trends are flat indicating that the surfacing frequency is not a depth-dependent behaviour in the tested weight classes . With increasing body weight, however, the frequency level progressively decreased from 1,212 surfacings / day in the oit g weight class (the mean of means obtained for the different depth groups) to 277 surfacings/day in the largest tested individual (41 g) .
The level of surfacing activity in comparable weight classes was around 2 to 3 times higher for the feeding series than the starving series . For instance, the feeding series of the 0 .75 g weight class surfaced, on an average, 1,560 times/ day in aquaria containing different depths of water . But the starving individuals surfaced only 468 times/day . Comparable values for the 41 g weight class are around 534 times/day for the feeding series, and around 277 times/day for the starving series . . v times/day in both the starving and feeding individuals of o. i g body weight, and it did not vary significantly as a function of either aquarium depth or nutritional status of the fish (fed or starved) . The larger individuals also showed flat trends ; hence, aquarium depth appears not to elicit any significant effect on hanging frequency in different weight classes of either series . With increasing body weight, there was a progressive decrease in the level of hanging frequency ( Fig . 2a & b ; left panel) . For instance, the level of frequency was around 120 times/day for the feeding series but below 9o times/day for the starving series of io g fish (Table IV) ; the corresponding values for 41 g fish were 8o and 50 times/day, respectively (Table  VI) . Therefore, hanging frequency is a size-dependent activity .
Hanging duration
Hanging duration is also not a depth-dependent behaviour in the feeding ( Fig . 2a ; middle panel) and starving ( Fig . 2b ; middle panel) O. striatus of different weight classes . This conclusion is supported by the flat trends obtained for the hanging duration as a function of aquarium depth . The hanging duration is, however, significantly influenced by the body weight of O. striatus. At different tested depths, hanging duration was 8 .8 hr/day for the largest feeding fish (41 g) ; the corresponding values were 7 .9, 5 .9, 3 .8 and i .i hr/day for the 20, 10, 0 .75 and o,1 g individuals, respectively, i .e. with increasing body weight, the hanging duration is significantly prolonged (e .g. feeding series of 0 .75 g vs 41 g at 31 cm water depth ; t = 16 .434, P < 0.001) .
In the starving series, the hanging duration remained remarkably equal around 12 .8 hr/day in the different weight classes (1o, 2o and 41 g) at all the tested aquarium depths . However, individuals weighing 0 .75 g hung for a longer duration (around 15 hr/ day) at different aquarium depths, but the smallest tested fry (o. i g) hung for only 1 .7 hr/day . Therefore, the duration of hanging is neither a depth-dependent behaviour nor a size-dependent activity in the starving fish weighing less than io g .
Swimming activity
In all the tested weight classes, the distance swum by an individual due to the surfacing activity increased steeply with increasing depth of the water in the aquarium ( those weighing to, 2o and 41 g body weight swam increasingly longer distance per se. However, the increase in the swimming distance is less proportionate to the increasing depth of their aquaria . The former weight classes increased the distance travelled in the deeper aquaria by the frequent surfacing ( Fig . 1 ; left panels) as well as by the brief hanging duration ( Fig . 2a ; middle panel) . The latter weight classes, which travelled less proportionately, increased the distance swum in the deeper aquaria, by hanging to the surface for longer durations ( Fig . 2a ; ( Fig . i ; left panels) . Therefore, the larger individuals in the deeper aquaria tend to save energy cost of swimming to the surface by resorting to hanging to the surface for a longer period . It may be recalled that the starving fish (0 .75 g) resorted to the same adaptive behaviour, when exposed to deeper aquaria .
Starving individuals of o . i g increased the distance travelled from 67 m/day in the shallowest aquarium (2 .5 cm ; Table III) to 784 in/ day in the deepest aquarium (31 cm depth) . These values are comparable to those obtained for the feeding individuals of the same weight class (57 and 681 in/ day) . Apparently, O. striatus fry (o . i g) is not yet ontogenetically ready to gear the metabolism and the associated surfacing (see Vivekanandan, 1977b) , hanging and swimming' activities to lower levels, so that the energy cost of living could be reduced . Such an adap- tive gearing mechanism becomes immediately apparent, when the individuals weighing more than 0 .75 g are subjected to starvation ; the fact that the larger starving individuals swam more or less equal distance at any one tested depth ( Fig . 2b ; right panel) supports the abovementioned conclusion . The gearing mechanisms available to the larger starving individuals are : t . to reduce the surfacing frequency and/or 2 . to increase the hanging duration . All larger weight classes considerably decreased the surfacing frequency ( Fig . i ; left panels) and prolonged the hanging duration ( Fig. 2b ; middle panel) . However, they had to swim a longer distance, when exposed to deeper aquaria ( Fig . 2b ; right panel) . From the data presented in Tables II to VI, the following inferences can be made : i . Feeding rate is significantly increased from the shallowest aquarium upto the peak level observed in the individuals of different weight classes exposed to an aquarium containing 31 cm depth of water, and levels off with further increase in the depth of the aquarium . The observed increase as a function of the aquarium depth becomes steeper and steeper, as the body weight is smaller and smaller ( Fig . 3b ; left panel) , 2 . The level of feeding rate is over 26o g cal/glive fish/day in the youngest tested individual and it steadily decreased to less than 120 g cal/ g/day in the largest tested fish, and 3 . If the values obtained for the feeding rate are plotted as a function of body weight, a curvilinear trend, similar to that reported for 0. striatus by Pandian (1967) who studied food utilisation in I to 124 g weight classes, was obtained .
Therefore, feeding rate is not only a depth (upto 30 cm)-dependent but also a body weight-dependent activity .
Absorption
Absorption efficiency values obtained for different weight classes of 0. striatus ranged from 91 .3 to 98 .6% and averaged to 96 .1%. Hence, body weight did not appreciably alter absorption efficiency . Pandian (1967) also reported that the absorption efficiency (97%) of 0 . striatus did not vary among different weight classes (see also Gerking, 1 955, 1971 ; Menzel, 1960) . As the efficiency remained more or less equal, the trend obtained for absorption rate as a function of depth or body weight was almost parallel to the respective one obtained for feeding rate against depth or body weight .
Conversion efficiency
The values obtained for the efficiency ranged from 13% for the 0.75 g individual in the deepest aquarium (40 cm) to 45% for the o . I g individual in the 31 cm deep aquarium ( Fig . 3a ; left panel) . The highest efficiency of 44% was reported by Pandian (1967) for O. striatus fed on the prawn Metapenaeus monoceros . The efficiency in the present study i . increased from about 28% for the o .i g weight class at 2 .5 cm to 45% at 31 cm depth, 2 . decreased from about 20% in the shallowest aquarium (2 .5 or 5 .0 cm depth) to 12 .6 or 15 .7% in the deepest aquaria (40 or 70 cm) for the weight class 0 .75 or io g, and 3 . remained more or less around 18% in the larger weight classes (20 and 41 g) at all tested depths . The o . i g weight class con- sumed significantly more food in deeper aquaria ( Fig . 3b ; left panel), surfaced equal number of times (around 1200 times/day) as those in shallower aquaria, and consumed significantly less food . The extra food energy consumed in deeper aquaria is profitably converted with the highest efficiency ; the intermediary weight classes (0 .75 and tog) did consume significantly more food (upto 31 cm depth), but remained poor convertors, as they dissipated the food energy in deeper aquaria by increasing the surfacing frequency and swimming distance . Conversely, the larger weight classes consumed just significantly more food, but they adjusted the surfacing frequency and swimming activity in such a way, that they maintained the efficiency of food conversion at about 18%, irrespective of the changes in aquarium depth .
Conversion rate
The trends obtained for conversion rate vs aquarium depth reflect the conclusions made in the previous section . Notable exceptions are : i . The level of the rate decreases in the following order : o . i < 0 .75 < 10 < 20 < 41 g, whereas the order for conversion efficiency was o .1 < 41 < 20 < 10 < 0 .75, and 2 . The rate in the larger weight classes increased from about 18 g cal/ g live fish / day in the shallowest aquarium ( Fig . 3a; g cal/ g/ day in the deepest aquarium . Though the increase is not appreciable, the rate steadily increased with increasing depth of aquarium . Moreover, this observation is remarkable in that at the deepest aquarium (70 cm), the fish consumed less food than in an aquarium of 50 cm depth (Tables IV, V, VI) . Bhaskaran (unpublished) and Ponniah (unpublished) , who studied the effect of volume of water (keeping the depth of water equal), showed that the air-breathing fishes Anabas scandens and Macropodus cupanus tend to show higher efficiency in aquaria containing larger volumes of water . In the present study, larger weight classes of O . striatus in the deepest aquarium (70 cm Table VI . Effects of feeding, starvation and aquarium depth on different metabolic parameters in Ophiocephalus striates (41 .1 ± 1 .36 g) . Each value represents the average performance of 3 to 6 individuals observed for a period of 35 days at 27°C . striatus tend to convert more efficiently in aquaria containing larger volumes of water . Body substances converted into metabolic activity by the starving fish increased generally with increasing aquarium depth in the weight classes of 0 .75, 10, 2o and 41 g ( Fig . 3b ; middle panel) ; the increase in negative conversion rate with increasing aquarium depth became less and less marked in the larger weight classes . Secondly, the level of the negative conversion rate was between 28 and 20 g cal/g/day for the 0 .75 g fish ; with increasing body weight, the level decreased to around 20, 15 and 13 g cal/g/day in 10, 2o and 41 g, respectively .
Depth of water (cm)
02 uptake The generalisations made for the feeding and starving fish on conversion as a function of aquarium depth equally hold good for oxygen uptake . In either series, 0 2 uptake decreased in the following order : 0 .75 < 0 .1 < 10 < 20 < 41 g; except for the o .1 g weight class, 0 2 uptake increased with increasing aquarium depth ; the increases were more marked for the smaller weight classes of the feeding fish in comparison to the larger weight classes and the starving fish . Oxygen uptake of the feeding fish was nearly 6 times higher (i .4 ml/g live fish/hr) than that (0.24 ml/g/hr) of the starving ones ( Fig . 3a & b ; right panel) ; in the larger weight classes too such a difference was maintained . 02 uptake was 0.7 and o . i ml/g/ hr for the feeding and starving fish (41 g body weight), respectively . Hatanaka et al. (1956) , Paloheimo and Dickie (1966b) found that log K, decreases linearly with increasing R, or Discussion W. From similar analyses of other available data, Paloheimo & Dickie (1966b) suggested that conversion effiThe most remarkable finding of the present study is the ciency is determined by ration level alone and not by body shift observed on surfacing activity and food utilisation of weight . Similar analyses of the data reported for 0. stria- Table VII . Effect of body weight on different metabolic parameters in Ophiocephalus striatus reared in aquarium containing 31 cm depth of water ; each value represents the average performance of 3 to 6 individuals (mean ± SD) at 27 °C .
Ophiocephalus striatus from its depth-dependency to volume-dependency when the fish grows over 20 g body weight . In the o.1 g weight class, which is known to have not yet completed the ontogenetic development of the air-breathing organ (Das, 1927) and the regular surfacing behaviour (Vivekanandan, 1977b) , rate and efficiency of food conversion were significantly higher in deeper aquaria (see Table III ) and hence growth of this class is volume-dependent, as deeper aquaria contain larger volumes of water . Therefore, it is recommended that individuals weighing less than 0.75 g, may profitably be cultured in nurseries containing a larger volume of water, those weight classes between 0.75 and 20 g in shallow nurseries and the larger weight classes in big aquatic systems .
All the indices of behavioural activity as well as food utilisation were significantly dependent on body weight . In Table VII , the appropriate data obtained for different weight classes kept in aquaria of 31 cm are presented . The levels of the chosen metabolic indices were calculated from the available data for the appropriate aquarium depths, in which the different chosen weight classes will have to surface 8 times their respective body lengths per surfacing and the values thus obtained are presented in Table VIII . In either analysis, body weight first depresses feeding rate, which is reflected in the decreased rate and efficiency of food conversion .
Calculating the logarithm of gross growth efficiency (K,) and ration (R = feeding rate), or body weight (W) of the Japanese plaice Limanda yokohamae reported by tus indicate that the K, values obtained for the weight class o .1 g remain incomparably high, when log K, is related to R (Fig . 4a) or W (Fig . 4b) . When the data obtained for the o., g. weight class are ignored, a more or less inverse relationship between log K1 and R is obtained, to 5 values represent the aquarium depths, at which the fishes were tested .
which recalls the trend obtained for different fishes by Paloheimo & Dickie (1966b) . However, that obtained for log K, and W is linear and not inverse ; in fact, it tends to increase with increasing W . Hence this aspect of theoretical examination of data requires more experimental evidences before any conclusion is made. As Vivekanandan & Pandian (1977) showed direct and good correlations between rate of food/fish energy input and oxygen uptake in the feeding and starving 0. striatus as functions of ration, aquarium depth, p02, temperature and body weight, the data obtained in the present study on the behavioural activities associated with air-breathing habit-namely surfacing, hanging and swimming-have been correlated with the 0 2 uptake of different classes of 0. striatus (Fig. 5) . With increasing 02 uptake, the surfacing frequency (Fig . 5a ) and swimming activity (Fig . 50 increased more or less linearly, and the hanging duration (Fig . 5b) decreased . The group weighing o .1 g, which has not fully completed the ontogenetic development of airbreathing habit, (see Vivekanandan, 1977b) Metabolic rate (ml02 /g/hr) Figure 5 , the values obtained for the starving 0. striatus of different weight classes exposed to different depths of aquaria fall closely to the left corner of the graph and those of the feeding series occupy a greater area on the right side . It is known that any factor tending to alter the feeding rate is immediately followed by a more or less corresponding change in the level of 02 uptake (Smith, 1935 ; Solomon & Brafield, 1972 ; Beamish, 1974 ; Ponniah and Pandian, 1977) . When the data obtained from the previous and present studies on 0. striatus are analysed, the tested factors like temperature (Vivekanandan & Pandian, 1977) , depth of aquaria (Pandian & Vivekanandan, 1976 ), p02 of water (Vivekanandan, 1977a) and body weight (present study) appear to alter the feeding rate first of all . The altered feeding rate, in turn, elevates or depresses the 02 uptake, which triggers off a corresponding but very complicated series of changes in the levels of behavioural activities, namely surfacing, hanging and swimming . The pathway, through which the effects of these factors influenced 0. striatus (Fig . 6 ) is supported by the following evidences : I . The distance swum was only 45 m/day by the feeding group reared in 2 .5 cm aquaria, whereas it was as much as 163 m/day for the starving group kept in aquaria containing 40 cm of water . If the tested aquarium depth is assumed to have affected the 02 uptake through swimming activity in the first place, the 02 uptake of the feeding group in the aquarium containing a minimum depth of water (2 .5 cm) need not have been as high as o .86 ml/ g/ hr and that of the starving group in 40 cm depth as low as 0 .25 ml/g/hr (Table II) . 2 . If a factor like temperature is considered to affect the 02 uptake via surfacing activity, then the surfacing activity need not have decreased to around 1,200 times/day at [Swi mming Fig. 6 . A proposed scheme of pathway through which endogenous and environmental factors influence the different metabolic parameters studied in Ophiocephalus striatus .
